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Tuesday, February 10, 2015 483ain real-time. Subsequently, we exposed the bilayers to two different detergents
(non-ionic Triton X-100 (TX-100) and anionic sodium dodecyl sulfate (SDS))
to initiate solubilization, and this process was also detected in real-time. After
solubilization, the device returned to its initial state, exhibiting minimal hyster-
esis. The experimental wash-off was also collected and analyzed using DLS.
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Cells sense and transduce chemical and physical signals from their environ-
ment using a sophisticated set of mechanisms mediated by cell surface recep-
tors such as integrins. Accordingly, there is significant interest in developing
probes to investigate chemo-mechanical coupling in cell biology. Our lab has
developed a suite of molecular probes that optically report forces exerted by
cell surface receptors. These probes are comprised of a molecular spring
flanked by a fluorophore-quencher pair and immobilized on a surface such
that receptor-specific forces lead to dequenching of the fluorophore.
There are a number of challenges pertaining to current molecular tension probe
design: 1) immobilization is non-covalent, thus cell forces lead to detachment
of probes, 2) protein ligand labeling is random, reducing probe sensitivity, and
3) peptide labeling uses Lys and Cys residues, constraining ligand design.
Therefore, there is a pressing need to develop site-specific ligation strategies
that are modular and well-suited for the diverse number of known or suspected
mechano-receptors.
In this work, we developed a ‘‘universal’’ strategy to generate molecular tension
probes. The approach combines solid phase peptide synthesis along with native
chemical ligation (NCL) to conjugate the C-terminus of virtually any biomole-
cule to fluorescently tagged tension probes. The role of linear PEG polymers
(Mw ¼ 2000 and 5000) and zwitterionic silanes were tested in blocking non-
specific binding, and modulating sensor conformation. We generated a small li-
brary of peptide ligand modified tension probes and compared force response as
a function of ligand-receptor interaction. Importantly, this new general strategy
for generatingmolecular tension probes is facile and robust, and allows for long-
term force imaging that extends for up to 3 days which is important in a range of
processes including developmental biology and cell migration.
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Computational Biology is a widely study tool in the field of molecular biology.
There is also much information from structural biology of biomolecules. We
propose to exploit both resources in the aptamers based structure design. As
case study, we report the use of computer tools for the development of a modi-
fied Dot Blot for prothrombin quantitation in blood. This Dot Blot uses two ap-
tamers as the recognition prothrombin complex; one for target binding and
another for NMM IX binding, a fluorophore whose emission will be converted
into concentration.
We executed the design of these complexes using VMD software by an algo-
rithm for aptamers selection. This software allows the visualization of molec-
ular crystallography and NMR structures obtained in the Protein Data Bank of
each aptamer. Thus, it is possible to analyze the structural details of the ap-
tamers such as; size and orientation of the molecule, distances between nucle-
otides, interactions involved in folding, residues that form part of the
prothrombin binding sites, and another analysis provided by the software.
Therefore, is possible select the aptamers with an appropriate sequence, high
affinity to targets, simple folding conditions and without interference problems
when are assembled together. If necessary, the software will help in the design
of linkers to combat interference generated in the assembly.
MALDI mass spectrometry was performed to test the proper assembly of the
complex and the efficiency of algorithm design. The results obtained from
this work will be used in future projects in which this algorithm will be applied
in computational selection of new aptamers to use this technique with other
proteins of clinical interest.
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Reactive oxygen species (ROS), in particular hydrogen peroxide (H2O2),
are produced as secondary cellular messengers involved in a variety of signaling
pathways. Detecting ROS concentration in cells and in living organisms
is particularly important because ROS oxidative stress plays a complex
role in multiple pathologies: inflammatory processes, neurodegenerative
diseases, and cancer. We first report on an europium-based H2O2 sensor
(Y0.6Eu0.4VO4) that shows red, oxidant-dependant, reversible luminescence
modulation used in cells in culture. This nanoparticle-based sensor provides
simultaneously quantitative, time- and space-resolved (respectively 30s and
50 nm resolution), intracellular detection (Casanova et al., Nat. Nanotechnol.
2009). We could track the ROS-mediated cell migration induced by the
platelet-derived-growth-factor and demonstrate an anomalous pattern in tumor
cells (Bouzigues et al, Chem. Biol. 2014). The spatio-temporal organization of
ROS production, at the organ scale, is furthermore essential to control patholog-
ical transition mechanisms, but no efficient for in vivo detection are available.
We thus furthermore report on recent advancements in the development of
new nanoparticle-based ROS sensors. This leads to propose new methods for
rapid and volumetric measurements of H2O2 concentration. This paves the
way for in vivo monitoring of ROS patterns which may become a powerful
diagnosis tool.
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Nanopore-based DNA sequencing has paved the way toward fast, label-free
and high-resolution recognition and detection of DNA bases. Solid-state and
biological nanopores have low signal-to-noise ratio (SNR) (< 10) and are
too thick (> 5 nm) to be able to distinguish between bases distinctly. A nano-
pore in graphene, a 2-D material with sub-nanometer thickness, has a SNR of
~3 under DNA ionic current. In this report, using atomistic and quantum sim-
ulations, we find that a single-layer MoS2 is an extraordinary material (with a
SNR> 15) for DNA sequencing by two competing technologies (i.e., nanopore
and nanochannel). DNA sticks to the surface of graphene nanopore which is the
origin of noise generation. MoS2 surface shows non-sticky behavior and bases
translocate through the pore without sticking. MoS2 nanopore also shows four
distinguishable ionic current signals for single-nucleobase detection with low
noise. In addition, a single-layer MoS2 shows a characteristic change/response
in the total density of states for each base. The band gap of MoS2 is signifi-
cantly changed compared to other nanomaterials (e.g., graphene, h-BN, and sil-
icon nanowire) when bases are placed on top of the pristine MoS2 and armchair
MoS2 nanoribbon, thus making MoS2 a promising material for base detection
via transverse current tunneling measurement. MoS2 nanopore benefits from a
craftable pore architecture (combination of Mo and S atoms at the edge) which
can be engineered to obtain the optimum sequencing signals.
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This study investigates using consumable media and new materials for devel-
oping low-price and simple detection schemes for point-of-care diagnostics.
We have previously investigated the application of cellulose dialysis tubing
(dialysis membrane) as a biosensor scaffold medium for the forthcoming pro-
tein detection by UV spectrophotometry (1, 2). This was achieved by using
minute amount of protein, either in solution or in blood serum, after drying
only 0.5 ml of sample on the membrane surface. The outcomes proved the feasi-
bility of this approach as a novel method for the recognition of bovine serum
albumin (BSA) and blood serum proteins. However, standard deviations
seemed to be high, which revealed the necessity of optimizations. Here it is
shown that standard deviations diminish significantly, when dialysis membrane
tubing is eliminated and the sample is dried directly on the quartz cuvette of the
spectrophotometer. Tests were performed with BSA protein and the detection
limit was found to be 5 mM, which corresponds to 165 ng of protein.
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